Tropane alkaloids, especially hyoscyamine and scopolamine, are widely used in medicine because of their strong parasympatholytic actions. Recently, it has been demonstrated that the alkaloid pattern can be shifted towards scopolamine when introducing the 6h6 gene which is involved in the biosynthesis of scopolamine from hyoscyamine. 1,2 Scopolamine is a tropane alkaloid from solanaceous plants, and is used as an anti-convulsant, an anti-emetic, and an anti-parkinsonism; sedative-scopolamine was also evaluated as possible diagnostic agents for dementia.
Tropane alkaloids, especially hyoscyamine and scopolamine, are widely used in medicine because of their strong parasympatholytic actions. Recently, it has been demonstrated that the alkaloid pattern can be shifted towards scopolamine when introducing the 6h6 gene which is involved in the biosynthesis of scopolamine from hyoscyamine. 1, 2 Scopolamine is a tropane alkaloid from solanaceous plants, and is used as an anti-convulsant, an anti-emetic, and an anti-parkinsonism; sedative-scopolamine was also evaluated as possible diagnostic agents for dementia.
Several analytical techniques have been reported for the quantitative determinations of scopolamine. Among these are high-performance liquid chromatography (HPLC), [3] [4] [5] capillary zone electrophoresis, 6 proton nuclear-magnetic resonance spectroscopy, 7 gas chromatography mass-spectrometry (GC-MS), 8 micellar electrokinetic chromatography, 9 enzymeimmunoassay, 10 and potentiometry. 11 Most of these methods involve several time-consuming manipulation steps and require sophisticated instruments.
Potentiometric methods using ion-selective electrodes have found wide application, [12] [13] [14] [15] [16] being simple, economical, and applicable over a wide range of different areas, and offer sufficient selectivity towards the drug in the presence of various pharmaceutical excipients. 17 A membrane electrode for the determination of scopolamine using scopolamine-tetraphenylborate 11 as an electroactive material was reported. The response of the electrode was linear for 0.02 -100 mmol dm -3 , with a response time of 15 s with a detection limit of 4 µmol dm -3 .
The present work describes the preparation, characterization and some possible applications of a novel scopolamine PVC sensor based on the use of a scopolamine-phosphotungstate ionpair complex as the electroactive material and dioctylphthalate or o-nitrophenyloctyl ether as a placticizer. The sensitivity and stability offered by this simple electrode configuration are sufficient high to allow an accurate determination of low levels of scopolamine. Selectivity coefficient measurements by many cations and anions are negligibly small.
Experimental

Apparatus
All potentiometric measurements were made at 25 ± 1˚C, unless otherwise stated, using an Orion pH/mV meter (Model 330). A combined Ross glass pH electrode (Orion 81-02) was used for pH measurements. An Orion double-junction Ag-AgCl reference electrode (Model 90-02) containing 10% (w/v) potassium nitrate in the outer compartment was used.
Reagents and materials
All chemicals used were of analytical reagent grade, unless otherwise stated. Doubly distilled water was used throughout. Polyvinyl chloride powder (PVC) of high molecular weight, dioctylphthalate (DOP), o-nitrophenyloctyl ether (ONPOE), and tetrahydrofurane (THF) of purity >99% were obtained from Aldrich Chemical Company. Scopolamine hydrobromide, sodium tetraphenylborate, and phosphotungstic acid were obtained from BDH. Scopolamine injection (1 mg/cm 3 ) and ophthalmic solutions (0.25%) were obtained from Ciba Vision (Niederwagen, Switzerland). A magnesium acetate solution (0.05 mol dm -3 ) was used as the measuring medium. A novel PVC membrane electrode for the determination of scopolamine ion based on the formation of an ion-association complex of scopolamine with the phosphotungstate counter anion as an electroactive material dispersed in a PVC matrix is described. The sensor shows a fast, stable, near-Nernstian response for 1 × 10 -2 mol dm -3 to 1 × 10 -6 mol dm -3 scopolamine at 25˚C over the pH range of 3 -7 with a cationic slope of 54.5 ± 0.5 mV/decade. The lower detection limit is 8 × 10 -7 mol dm -3 and the response time is 15 -45 s. The selectivity coefficients for scopolamine relative to the number of interfering substances were investigated. There was negligible interference from the studied cations, anions, and pharmaceutical excipients. The determination of scopolamine in aqueous solution shows an average recovery of 100.0% and a mean relative standard deviation (RSD) of 1.5% at 500 µg/cm 3 . The direct determination of scopolamine in some formulations (scopolamine injection and eye drops) gave results that compare favorably with those obtained by the United State of Pharmacopoeia method. Potentiometric titration of scopolamine with sodium tetraphenylborate and phosphotungstic acid as a titrant was monitored with the developed scopolamine electrode as an end point indicator electrode.
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Preparation of the scopolamine-PVC membrane sensor
Upon the addition of 45 cm 3 of 1 × 10 -2 mol dm -3 of a scopolamine solution to 15 cm 3 of 1 × 10 2 mol dm -3 phosphotungstic acid, a white precipitate of scopolaminephosphotungstate was formed. Two 10-mg portions of the prepared ion-associate complex were placed in two different glass Petri dishes (5 cm diameter) and dissolved in 350 mg of either DOP or ONPOE. Into each Petri dish were added 190 mg of PVC powder and 5 cm 3 of THF, then, all of the contents were thoroughly mixed and left to stand overnight to allow slow evaporation of the solvent and the formation of sensing membranes. The PVC master membrane was sectioned with a cork borer (10 mm diameter) and glued to a polyethylene tube (3 cm length, 8 mm i.d.) using THF. 18, 19 Laboratory-made electrode bodies were used, which consisted of a glass tube, to which a polyethylene tube was attached at one end, and filled with an internal reference solution (equal volumes of 1 × 10 -3 mol dm -3 aqueous solution of scopolamine and 1 × 10 -2 mol dm -3 KCl). An Ag-AgCl internal reference electrode (1.0-mm diameters) was used. The indicator electrode was conditioned by soaking in a 1 × 10 -2 mol dm -3 aqueous scopolamine solution for 1 h, and stored in the same solution when not in use.
Procedure
The scopolamine PVC membrane sensor was calibrated by immersion in conjunction with the reference electrode in a 50cm 3 beaker containing 9.0 cm 3 of 0.05 M magnesium acetate. Then, a 1.0 cm 3 aliquot of a scopolamine solution in the concentration ranging from 1 × 10 -2 mol dm -3 to 1 × 10 -5 mol dm -3 was added with continuous stirring. The potential was recorded after stabilization to ±0.2 mV. A calibration graph was then constructed by plotting the recorded potentials as a function of -log[scopolamine]. The resulting graph was used for subsequent determinations of the unknown scopolamine concentration. Alternatively, the potentials displayed by the scopolamine test solution before and after the addition of a 1.0 cm 3 aliquot of 1 × 10 -2 mol dm -3 scopolamine were measured. The change in the potential readings was recorded and used to calculate the unknown scopolamine concentration in the test solution using the standard addition technique.
Determination of scopolamine in injection and eye drops
Scopolamine was determined in a pharmaceutical injection solution (1 mg/cm 3 ) and eye-drops (0.25%) by transferring the contents of 10 ampoules of scopolamine injection to a 25 cm 3 measuring flask or 5 cm 3 of eye-drops to a 25 cm 3 measuring flask, diluting with water and shaking well. A suitable aliquot of these solutions was transferred to a measuring cell containing 9.0 cm 3 of 0.05 mol dm -3 magnesium acetate. The e.m.f. of the electrode systems was then measured. The concentration of scopolamine was measured from previous calibration graphs as in the procedure. Alternatively, the standard addition technique was used for the determination of scopolamine by monitoring the potential of the drug solution before and after the addition of a known concentration of the scopolamine solution.
Results and Discussion
Phosphotungstate was tested as an ion-pairing agent for preparing of an electroactive ion association complex for scopolamine. A sparingly soluble complex of scopolaminephosphotungstate was instantaneously formed upon the addition of a scopolamine hydrobromide solution to a solution of phosphotungstic acid. The dry powder of the formed ion pair was used to construct a new scopolamine ion-selective electrode. The elemental analysis showed that the composition of the complex was 3:1 (scopolamine:phosphotungstic acid). A plastic membrane prepared by using a casting solution with the composition 2:28:70% (w/w) ion pair, PVC, and DOP or ONPOE placticizer, respectively.
Sensor characteristics
The potentiometric response characteristics of the scopolamine sensor based on the use of the scopolaminephosphotungstate ion pair complex as an electroactive material and DOP or ONPOE as a plasticizer in a PVC matrix were examined. The effects of different placticizers were studied with corresponding to the response time, range of determination, lower limit of detection and pH; comparisons are given in Table 1 . An electrode with good characteristic was in ONPOE, hence, the ONPOE-plasticized membrane was used in all further studies. The potentiometric response characteristics of the scopolamine electrode, based on the use of a scopolamine-phosphotungstate ion pair in ONPOE, were evaluated according to IUPAC recommendations. 20 The results are given in Table 2 . The sensor displayed a linear response for 1 × 10 -2 -1 × 10 -6 mol dm -3 scopolamine with a Nernstian cationic slope of 55 ± 0.5 mV/concentration decade with a detection limit of 8 × 10 -7 mol dm -1 . The least-squares equation obtained from the calibration data was: E(mV) =(54.5 ± 0.5)log[scopolamine]+(328 ± 0.7).
Effect of the pH and response time
The electrode response for different scopolamine concentrations was tested at different pH values, the pH being adjusted using hydrochloric acid or sodium hydroxide. The scopolamine electrode was dipped into scopolamine solutions of 1 × 10 -3 , 1 × 10 -4 , and 1 × 10 -5 mol dm -3 , and the potential of the electrode was plotted against the pH of the solution (Fig. 1) . Figure 1 shows that the slope per concentration decade is constant at ~55 ± 2 mV in the pH range 3 -7. On the other hand, upon testing an acetate buffer, a phosphate buffer, and a universal buffer in a suitable pH range of the proposed electrode, a 0.05 mol dm - supporting electrolyte proved to be a more suitable measuring solution, which is in agreement with the reported literature. 11 The average response time is defined 20 as the time required for the electrode to reach a stable potential within ±1 mV of the final equilibrium value, after successive immersion of the electrode in different scopolamine solutions, each having a 10fold difference in concentration, or after a rapid 10-fold increase in the concentration by the addition of scopolamine. This time was found to be 15 s for a concentration of ≥1 × 10 -3 mol dm -3 and ≤45 s for a concentration 1 × 10 -4 mol dm -3 . The day-today reproducibility of the sensor was about ±0.5 mV for the same solution, and the useful lifetime of the sensor was 4 weeks, during which the potential slope was reproducible to within ±1 mV/concentration decade. Also, after more than two months a new section from the master membrane was found to function very properly.
Effect of diverse ions
The influence of 20 different organic and inorganic ions on the response of the scopolamine sensor was investigated. The selectivity coefficients were determined by the separate solution method 20,21 in 0.05 mol dm -3 magnesium acetate using 1 × 10 -2 mol dm -3 concentration of both the scopolamine and interfering species. The selectivity coefficient was calculated from the following equation:
where E1 and E2 are the potential readings observed after 1 min of alternatively exposing the sensor to the same concentration of scopolamine ion and interfering ions. Hence ascopolamine and aj are the activities or concentrations of the scopolamine ion and the interfering ions of the z and y charges, respectively, and S is the slope of the calibration graph (mV/concentration decade). Table 3 reveals that there was no interference from all of the indicating ions, which shows a high selectivity of the proposed electrode. In the case of sugars, amino acids and urea, the selectivity is mainly attributed to their difference in polarities and lipohilic nature compared with scopolamine. 22 
Determination of scopolamine
To verify the feasibility of the developed method, the determination of scopolamine in water was carried out using the developed membrane electrode. The analysis of 0.4 -2000
E2 -E1
----S µg/cm 3 scopolamine solutions (in five replicate) by direct potentiometry gave an average recovery of 98.5% and a relative standard deviation of 1.5% at 500 µg/cm 3 ; the results are given in Table 4 . Applying the proposed method for the direct determination of scopolamine in scopolamine injection and eye drops gave good results. The average recovery was (99.0 and 98.5%) with a relative standard deviation (RSD) of (1.6% and 1.4%) for injection and eye drops, respectively. The results ( Table 5 ) are in agreement with those obtained from the United State of Pharmacopoeia method, 23 with a relative recovery (98.5 and 98.5%) and a relative standard deviation (1.7 and 1.5%).
In addition, the developed electrode in conjunction with an Ag/AgCl reference electrode was examined as an end-point indicator electrode for the potentiometric titration of scopolamine. Figures 2 and 3 show the typical titration of scopolamine with a standard solution of sodium tetraphenylborate and phosphotungstic acid as a titrant. From the results, it is clear that scopolamine reacts with phosphotungstic acid in a molar ratio of 3:1, while it reacts with tetraphenylborate in a 1:1 ratio. The titration curves were symmetrical with a very well-defined potential jump of about 100 mV, indicating the high sensitivity of the electrode.
Response mechanism of the ISE The mechanism of ISE is based on the fact that the ion pair or ion associate complex is formed between scopolamine and phosphotungstae; it is dissolved in the organic phase (membrane) and then placed between the two aqueous phases, the sample solution (containing both analyt (A + ) and interfering ion (B + )) and internal reference solution. An ion-exchange reaction takes place in the membrane surface according to A + m + B + s ⇔ A + s + B + m Then, a constant concentration of these species is soon established in the solution, rather than in the membrane, since diffusion inside the membrane is much slower than that in solution. The selectivity of the membrane therefore depends on the selectivity constant for A + with respect to B + (K pot AB = 1/K pot AB ).
If aA ≥ K pot AB ·aB the membrane responds to A + in a Nernstian manner, but if aA ≤ K pot AB ·aB the membrane responds to B + .
Conclusion
In conclusion, the developed scopolamine PVC membrane sensor described in this work offers a simple, accurate, selective, and specific tool for the quantitative determination of scopolamine in some pharmaceutical preparations. Also, the electrode can be used as an indicator electrode for the potentiometric titration of scopolamine with some anions.
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